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ruyy^ii n^<Dt&mm'i-o>±i^(ot&ViB r , t* ( r « 

+ R, ) /2-e*sc<t4«FSt<!:r4i»*^iiB4g©* 

C.!: <!: -r £ 1 X» 2 g8«g©^^(4^Bt^ 

3 n -5 c i ^mm t -r i x« 2 tBts©*ai(*a 
5 } mLom 1 ©sigi^ . 

miwi. 92©6Eii©#5iL^.(cRuiaiii . m2.m3 

^ 1 x» 2 ^(D^mmimms. 
m^6) mimi, 112. ^3©fits5R^©ffl« 

i lu le »; :7 T u > X -fe ;ua5(^Hu lai^ 2 Rc/m 3 commm 
im^ms] BirifiHi. ^2. ig 3 ©^Si^T-ti. m 

3Mrm^$n. 
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[000 1 } 

»«Ch>*JU»a!S5i^» (TMR iTunnelin 
q Magneto Resistive) ^T-^r^tt^T-i Urffll^/tfiBl 
^gBtSSSS (MRAM : Maqnetic Random Access Mamor 

v) (c^-r^o 

[0002] 

M^M^btcURAM (Maqnetic Random Access Msmor 
10 y) -fe^l/J&lffilg^tirC^^o CCDMRAMtt. 

[000 3] mm^tmmm^^^c^t. ^k:, gmr (ci 

ant Magneto Resistive) ^-?-iTMR ( Tunnel inq Maq 
neto Resistive) M^tifi^htlXd^^o GMRM^ 

2'o<o^m\mactif^^mimt^cm^tirtmi^t 

^K:J:0^ft-r-S>„ GMR^^MR (Maqnet 

20 o Resistive) Jt« 1 0 %felTi {gC^/cJ?). gl^tHtv 
-i^^^Mfffi-r-SCisC^iBlt-C^-So C(Ofcit>. GMR 

r^o CCDTMR^^-rtt. 3giE5 0%SeOMRi:b€: 

fcTMR^^©:)?3C^SiSg<!:«c-:>r*rc*-S„ 

30 [0 00 4]-€-C'C. MRAMy^V-b;Vr«. TMR 
[0005] 

[0 00 6] :^^mt±MEim^m^r^fcMcrj::^ti 
[0 007] 

[0 008] *ifei«tc«fet)-5>^^ftieiSKa». tsfit^ 

50 ^(*IBltSHr&oT. ^ICOfitx^T-^r^-r-S^-^fJ 




(3) 
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[0009] 

(TMR : Tunneling Macjieto Resistive) M^^MW^ 
^^tLXmi^fcWM^tS^S (MR AM : Kbqnetic R 
andom AccessMemory) tC^-T^ ^>COT*€>„ CCDMRA 
M«. TMR^^«rii^/c^^U-fe>»l/*"7 h 'ii^Xi^tC 10 

[0010] 4c^?s©siisojgffi*«T«caffi*#«a o 

[00 11] [^lOJIifijg,^] micDUffiJgffiti. 1 

tr^; h<Oy^y-fe;UgI5:6n TMR^T-+ l MOS 20 
^+ IMOS h^>>^:^^) X4xmf&^ti^mv^ 

[ 0 0 1 2 ] la 1 *ss?8cD0 1 <Dmm&m(^&i^m 
mmE^sKoMmm^miro a i tc^-r j: ^cc. m i 

/cOO^-^ty-fe^l/^l OW. TMRIg-y-l 3<i:MOS h 
^>t?Xd?2 0i**i^^o CCr>y*i;-fe;l.gpi 0a)T 30 

mr*^ 1 3(fcmti2^ttifcmn^m^r^ u:? r u> 

X-fe^baJSOtt. TMR^^f^iMOS b^>t^;^4r<!:CD 

"0" 7'-iSi*«J*T-S^lCDTMR^^-3 lai 
MOS h7>i^;^^3 3ai3&>6^J-5lll<D^T<!:. 
"1" y'-^^m^'rhm2(DTMRmi^3 2 atMO 
S h'5>t;^X5r34ai:0i6>i^^2cD^r<h. "O" 
T^^-^^r^^-r-SI^ScDTMR^^S 1 b iMOS h'y 
>i:>>^^ 3 3 b tt^htj:^m3(0-<r "1" 
«:«}#TSI^4CDTMR^-?^3 2 biMOS h5>ixx 40 
^ 3 4 b t:/)^^rj::hm4<0^r t^m-r^. 

[0013] c cD<t -5 tji^mm^^sxu. tr h ^ 

1 1 <!:S#iA^':;-FiSl 2<fc)?^SC*CCit3£"r^ct^CC 

^■7- K« 1 2 t(DS^<D^'^5i*JatCTMRm^ 1 3 . 
31a. 31b. 32a. 3 2 b;&«-en-etiffigSnr 
i.>^o ^LX. -^^y-b;l/§pi 0<bC(Dy^';-fe;bg51 
0<!:*ftc/j:'£>y:7r U>^'fe>>l'SP3 0 cDS^ji 
^ • ^^ffiL/^-Kiggl 2. 22*fflli^o -:>t»9. ^ 

-ty-feJUSBl oao'U :7t u>x-fe;uSS3 Occ^jt^t-ST 50 
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MR^^ 13. 31a. 31b. 32a. 32b«. IS] 

y^iJ-feiUSBl 0Sy^'J:7T U>:x-fe;bSS3 0tc*jt:f-5 
MOS h^>i^;^^>2 0. 33a. 33b. 34a. 3 
4b«. 15— (0S*aiL'7-'F«2 2K:«SffJK:18gi$ 

[0 0 14] m2kt. mioymmmmi^i^^^tmm 
^(Dwmm^^mmirTik'r. astt, h2<diii-iii 

[0 0 1 5 ] a2(C^-rJ:^«:. i;:7TU>XH2;l/8B3 
0<DTMR^^31a. 31b. 32a. 32bCDt^-^ 

hmi iKiig-r&ffiasi t*. ^^uisji/gui o<dtm 
R^^i 3cot^^^ hiSi 1 ^s^-r-sffissa tmoT$> 

So 

[0 0 1 6] a3(C7S'rJ:^«:. Hi (0||JS?KS8k:<SS 

y-^eu-feji/gpi o«. t^v hmi I tm^ih^*7-h'm 

1 2 <!:©S^03£.#.f*ia(cTMR^-?-l 3d5iea3nr 
Ci€>o C©TMR«^l 3tt. ±gp^@ (a^-arf) * 

/M/re^y hj^i 1 ^c«^3n. TSPm® 1 4.^1. 

m2(DiBS/il8. 1 6. IPri . H2. m3©3>i$ri7 
h/il9. 17. 1 5^/M^rMOS h7>v^>^3?2 0 

(ov-x/Ku-f >t£tfeii2 1 ccssssnrc^-So ccd 

MOS h^>-:^;:^^2 0«TMR^-?-l 3CCTi^-feXr 
S h^>t?>;tSf 2 OCDy- hmffitiSc^Wb'?- K1S2 

2&c^^rc^'5o 

[0017] C Cr. TMR^T 1 3 «. TSP^S 1 4 

tcSiKr-s5ftfiai4Ji<DfiaMi^ii2 6i. ±mmm^^ 
<h. ctihmmmm2 6tmimmm2 7t(fcmiti 

[ 0 0 1 8 ] SJ. TMR^^ 1 3 ti. ±air ^ 1 S h > 

^»Sr*><i:c». o$i3, mi<D«fb@SB±K:Hi<^> 

/l±tcm2CD?Sjb@SJl3J>iiBg$n'So co2mb>^ 

)i^m^mm<DTMRm^\ 3a:>m^. imh^^ji^m^ 

tSBOTMR^^l 3iJt$5Lr. ^C9\-W<^r:^^ 

WlMiyfctft(DMR (Maqneto Resistive) tl<0^iti)^ 

[0 0 19] ±iaish>^;i'S^«SX«2Sh>^ 

^I'^^^SOTMR^^l 3«. mtf. WTOl*^^ 

[0 02 0] BBi<b@«ii2 7RzmM^m2e<om^ 

(Cti. F e . Co. N i X^i-en6<D^#. 

f >^S^(DX:^CiViy:^^^ h. CrO, . RXMn 
0,.v (R : X : Ca. Ba. S r) 
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it^Offi. NiMnSb. P tMn S ^(D^^-C^'y 

^m^^^t>fX{.>ff^^ ^ . As. Cu. Au. 
Al. MfiT. Si. Bi. Ta, B. C. O. N. P 
d, Pt. Zr. I r. W. Mo. Nb&^O^ffiSttTC 

[002 1 ] b >*iU^il2 8CD«5|4{CW, A I , O 
, . SiO, . MgO. A 1 N. B i , O, . Mfir 
F, . C a F, . S r T i Oe . A 1 La O, ^(OmM 
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[0 022]H4ti. mi(OmMBBicgk^ji^*Jiz)i^ 

[0 0231 H4K:m'rJ:5«:. ^ i a>**SJg«K:<^^ 

|pri<OTMR^T-3 1 ai, "1" ^-^^UWThm 
2Cr)TMR^T3 2 a i?)^ MOSh'^>>?><^ (0^ 

5r*e«F-r-S^3<DTMRS^3 1 b <!:. " 
^ffi^'r€>ll4(DTMR^-^3 2 b<i:3&^. MOSF^> 

-C. iS?rJSiK3n/cl^lSCJ^S20TMR«^3 1 a. 
3 2 ai. it?ije^«ISn/cll3RO'^4©TMR^^3 
lb. 3 2bch(2. ^^JCcSiBISti'S. 

[0 0 2 4] cc-c. "0" f=-^^figf#-r^mK H 

3CDTMRS^3 1a. 3 1 b Mit@#ll2 7 iffi 

afes» 2 6 <b ©»fb(D:&i6j*5scitc]SWf (eft r 

"1" r-^^iS}^-r^^2. m4(DTMR 30 
5R^3 2a. 3 2 b i»ita#B2 7 <t fiBt^lB^SJl 2 

[0 0 25] ■^fc. ^17!^^lg4CDTMR^T3 1 a. 
3 2 a. 3 1b. 3 2 b CD^ttCOffitafii^ R r . "O" * 

( 1 *<DS^ji^ge^tC Ji^^^fiSig) 



* x-^^S^-r-S^K 03CDTMR^^3 1 a. 3 1 
bflOffilSffi^Ro . -1" x-^*ffi}t-r-5»ll2. |g^4 
(OTMR*^=^3 2a. 3 2 b(DfiiSffl=&R i iT^i. 
c<DU:? T b>;^'te;i/SS3 Oco^ftcOffiBiR, ^ 

( 1 ) om%^mtc^. 

[0 02 6] Rr = (Ro -HRi ) /2 (1) 
COcfc^icLr, U>;^'i2;l/SB3 0-CW. "0- 

m3<DTMRIR^=-3 1 a. 3 1 
bCDffitnRo "1" '^-t>?:^T'2>^2. |g4C0 
TMR^^3 2a, 3 2bOStSRi L<0^'(SmttLh 

jasRr /^^f^tim^n. ccdsciR, - 1- . '-o- 

[002 7] IP^ 1 <OSete0ffi«H^^MRAM^^r 



[0 02 8] ij-r, Stii^ttf^^ecfei^Ttt. 

':?2 3SC/il!^:^^A2 4^C<fc-:>riltR?tl/cfcr ;^ h)^ 
1 l&l>*iiiR3n/cS»3i;$f'7- KSl 2(C«#ji.i5^S 

sfe^^ssn, s^cDSi/^ie^i 1 . i 2cr)^ffltcmsa®^ 

5&5^^-r^o ^Olfem. 2 :$:<DilJRie«a 1 1. 1 2<D?5 
.^,f*Jfi(C&H-r -2) T M RS^ 1 3 ^<f>^. 2 2fs:©iMJRffi 
iSl K 1 2tcJ:-smi3SffllWO^^MI?^^Enttl^n^o 

ccr. ^a^bHlPJl2 7cD^a^t<D^^^#»a;S-:&f^^cH 

s^ns. «amBe®a2 6w-#M:&tt«r*b. c<d» 
^B^ii 2 6 \tm\Mmm 21 1 i^i cm^ i::^ f^^i^i < cfc 

ffiSft@9S2 7C[)eftOr&l^<!:iiJD:^I^tC[^C>/ci 



/tl tr--^ K3[>TMR«^=-l 3tC©i& "1 
[002 9] 

< (."^jvm^ih^mmcomm) < (2 



0*- ^- 



:^<om^jL^mm(<cxh^^mm) - (2> 

;i/SBi occ>pfjcc:;'r-s h^i 1 tm^^i^v- YU2 

Ziy^&^mR^tx. iltRfcf s' VWil l-TMR^T-l 3 
--raSSei 4-1^3 <D3>^^ H 5-:if2<DiBKB 40 
1 6'-m2CDn>^i^ h 1 7'-mi<30ifl©ai 8-111 
0:3>:5r>; h 1 h^>*^X5?2 0-v<b®3g;&3 

SSSn^o -eur, fcTiyhiSl 1 <D3^ffliJCCj:biJ[Hl882 5 

ia^Sn/c-^^y-fe^l/SPl OCOTMR^^l 3(ciS 

n-&m«afiix«mfffii*ub«JiEi»2 srww^n^o 

[0 0 3 0] ±jie^^J:^ftMRAM-C«. -fSWtC. 
y-t i;H2Jl'g|il 0<0ffitStf6o#^AR. . U7tU> 50 



;:^-fe;Vg|53 0(DStStf6-:>#€rARr iL//ci©^. TM 
R^^l SOOMRibiSln^^-^^ARa. . ARr i 

SC (3) COMCfe^jlS/c*rc i 3(^*3 n-So 
[0 03 1 ] 

MRl:b>2x (AR„ +AR, ) (3) 
m9L\t. JStn:«e>O^AR„ . AR, ti^^ti^ti2 1% 
Xh-yfcm^. 8 4%^aA«SMRJt*^S5R3n'&o b 

fSX^hfc^. ffita«60*AR». . AR, ^^i^l^tl 
mU-f^S^t^^^, CCr. TMR^T-1 3©?S*fflfb 
*iS*Sti^^-t»;-b;l.8Pl 0*C«. tmJkthr>^AK 
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[0032] C <D J: *5 ^^ttcDTv W 1 (OmmBB(^^ 
W-SU^'T U'>;^H?JUffi3 0'Ctt. "0" 
^-S^K I93(DTMR3R^3 1 a. 3 1bi. "1" 
7"-t>*«^T5m2, 04CDTMR^T-3 2 a. 32 

•5. ^TMR^^3 la. 31b. 32a. 32 h<Ot& 
!iifii(c«6o#*s^i;"Cfc. ';r?r U^-^-feiUSPSOcD 
iSfS«i«cne>TMR*^3 1 a, 3 1b. 3 2a. 3 

2 b(D^l^W3^cCStafii<h^c^/ti?). U>;<-fe;l/aJ 

3 0<3[)»ia«€>o#AR, -ecDte*. @ 10 
5tC?j^Ti:^tc. MRit^mti4 5%iiiTCcffi^o 

it tf 8 tCW^ ^ C i t) pjfgr *-5o 
[0 0 3 3 ] 1^. 'J y 7 U>^^)im3 0<D 

jfitsweoarAR, 3&$8%ja±"e*ort). y-tv-ts^i/ 

SSI OOfifS^^-o^AR. <DfflI*II-^MRlt<7>«l^«ff 

[0 034] ±iB^ 1 comtmWi(cJ:riiti. y :7 t u > 

X-feJl/SI53 0». "0" f'-tSiJ&^J^T'Slll. ^3 CO 20 
TMR«T-3 1a. 3 1b<!:. " 1 " 7^- 5r«reJ#-r€> 
112. ^4<DTMRm^32a, 3 2 b t^^fbtj:^2m 
ScoTMR^^^Wr-S- OSO. »; :7 T U -fe^l/Si 
3 0(D«tS<BRr «TMR*-?-3 la. 3 1b. 3 2 
a. 3 2b<DjgCifii0^i^fii^i^C<!:CC3^c^„ S^o 
r. U7t U>:^-tr;l^SB3 0<D±ftCOiS6iffiRr <Dtf6 

[0035] *3fc. 1 tr^r h^/tOoy-^eyHz^uSBi 0 

«. ITMR^^H- IMOS h5>>^:^^r^^?n 30 
C<D/cai>. 2 0<DTMR^^-1 3*^*^-586*0^ 

^ V -fe^i/Ss 1 0 (cib-^-c . y ^ y -feiwsB 1 0 <Dmmm9 

[0 0 3 6] ^/c. ^^y-feil/SPl 0<i:U:7TU>:^H2 
JUSI53 OCC;fel:r^TMR^^l 3. 3 1a. 3 1b. 3 
2a. 3 2b<DffiSS, . S2 ^rlSDffifatC UT. ^-t 

U't2;i/a5 1 otvyT u>;^-b;i/a53 o*(5Jl:-'^'^-> 

OZicxy >' T u>x-fe>^i'^3 0 %|0lB$«:§:g(cj^fiS;-c# 40 

m2(c, ::^a-b:;«LCCjaHL/cTMR^Tl 3.3 1 
a. 3 1b. 3 2 a. 3 2 bCDJStafflCDtie^o^^MR 

ai3 OCDie@0[>aftS:0^s^< . lB)SS^i^*^MT^©-i^ 
-Cy 7t U>X'fe>PbSP3 0<D^^a*g=gtC^A5C<b 
jS^i-C^-S/cesb. ^^V^r;UgBl oao'U:7r U>X'fe;l' 
953 0(Di8tt;&i^a<b>:C'5o m4CC. p<^y-lr;uaBl 0 
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[0 03 7]^;^. y :7t U>;<-fe;Ua53 0<D^TMR 
S^31a. 31b. 32a. 32btt. fcf^rhSll 
iStrii^C?'- KiS 1 2 <b<DS[.#.(C-etl^tiffig$tlT 
1^5. C(Dfc^. y:7TU>;^-fe;UgB3 0CDSTMR^ 
^3 la, 3 1b. 3 2 a. 3 2 b«:1«««:«#jit^C 

i^&ir^-^^o seo-c. yr^T u>X'fejua53 occ. ^-t 

y-fe;i/gBi 0©ieJitfc®ic*fi.rasiatt®iJ:c'5J:'5> 
[0 03 8] Si. y:7TW>;^^JUSB3 0«. jS; (1 ) 

MR^T^i "1" ^-^^imr ^TMR^^ t<D^r 

<Dffl»**t-^l>rfe<l:i^ ia6«:7n'rJ:5«:. 

"0" y'-dt^m^r^TMRMl^S 1*8<1. "1'' 
x-i>€r<*}*-r5TMR^^-3 2*8fflieaLrfcJ: 

COi^CC. "0" f=-t$'&fi^-r^TMR«^P3 
li "1" f"-:$?*««pT^TMR^^3 2 iCD-^T* 

3 0:^ttiL-C&J. S^<DTMR^^3 1 . 3 2 frC^Jt-t 
5 filSfii o tf 6 o M R ibco 6 o ^ CD 15 S * ^ It 

[ 0 0 3 9 ] TMR^T-CDf^t>0&Ct|^<ba-T-« 
{b>^y«. Ge-Sb-Te,^Offl^>fblicoJ:bJg!n*i 

-1" . ••0'* 7=-dr*i2ts-r-5c -If. tmimtm 

cc7)J:^3^j:tB^^bmT*rai^/cii^*>. ilBSIlcD^ite 

[0040] [^2 (ommmm (ommmmt. i 

«JS$ti. y7TU>X-ir>il/ap*s (1 TMRST-+ 1 ^s^ 

[0 04 1 ] 07«. :^mMo:>m2(Dmmmmc%^^ 
(Dms&mm(c9ki^mi^^vms:i>ait.>x . itr^h^ 

/c«3 0y^y-b;l/^l Of*. TMR^^l 3 <^:y>f:t'- 
K4 1 <t«r(i:i^. ccD^-ty •fe;l/SBl 0CDTMR*^• 
1 3 tcStiiJs n3t»«**iJ^-r ^ y r u 

3 0«. TMR^^ii5r>f F<J:(D-^r*4imix. 
5« oiO. y :7t U>X42;USB3 0». "0" f'-iS? 
*«f^'r'2>mi OTMR^^3 1 a<!:^-r:t-F4 2a 
ti)^htC^mi(0-<Tt. "l" 7^-^=Sr«}^T^m2 
0TMR^^^3 2ai5<'-f ^- K 4 3 a idie>^c5ll2 
(D^rt. "0" 7^-^'*<^'r'2>m3CDTMRIg^3 
1 b <t5^>f K4 2 b<tX»63''j:'5IS3CD'-<T<b. 



(6) 
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K4 3 b<J:3JP6^C'2>l|40^Ti?:WrS, CC 
y-/:t-K41. 42a. 42b. 43a. 43b 

1 I to- K»4 4i;65St^tca5[T'5J:0CCv h y ^ 
<DS^<D3ii^.>f^JgCCTMRST-l 3. 3 1a. 3 1b. 

3 2 a. 3 2bj()«-en-eniBBStirii'S. -eor. ^ lo 

^V-^Jimi OiCCD^f^'J-iziVaJl 0i«(cfdc^U:7 
r U>X-fe;UgB3 0 <D«7- K)®4 44fflli'5. 

o^ij, y-ty-fe^i/Spi 0 4c5t:f^^>r:*'- K4 1 it. 

TMRS^3 1a. 3 1 bi?»tcnf-5^^-f2|— F4 2 
a. 42bi«. g|— <D'7-K«4 4CCS«5tl^o 

[0043] 08«. m2(ommmm(.cm^^^vi2)i 

J:5«:, m2<JDIIiS?fJSI{c^&^>'*i;-b;uSBl 0». tr 

yhBl 1 <h»7-KJ^4 4iC0ratCTMR^T-l 3<bX 20 
>f V ^> i^*-?-"CS>-5 y>f K 4 1 ifiSS^tiX{.> 

o^O. COTMR^^I 3<3:)mH^&li2 7«fcr 
':.hSl UCg^^n. fiftaie^B2 6«^-/3|— K4 
ItClgSl^ti-So -eur. ^-r^-F4 l«':?-KS4 

4tCSi^$tl^o 

[0044] co^^rmmTiti. mmEmmzsi^m 

tr-y hisi io2*<Di3S©;?^-etf$a<3[)S*j2w^ -siJSf 
wi/afrff*^tft>ti€>o com. F4 it^ssfett 30 

-C^-SJc^fC. '7-FlS4 4itrt^ Fiai l<DEPaI>'^V 

[ 0 0 4 5 ] 1^. m2<ommmTiit. m i (omsimm 

tm^ffC. "0" '7=^-^%»^-r6TMR«^3 1 a. 
3 1 bi. "I" f^-^*«}^*r'STMR^^3 2a. 
3 2 b<!:?:i®Kflffi^^t)-a:-5C<!:tcj:0. ^ ( 1 ) (D 
Ba*&*iffi/c'ry:7TU>;^-fe;i/g|J3 0<Dffi5iRr ^{^0 

:7r U>X-fe;l/ga3 0<DTMR^^3 1 a. 3 1 b. 3 40 

2 a. 3 2 bCDtf ;^ hi^l ICCg-r^ffiSSi 

»;-fe;i/aji ooTMR^T-1 so}::^ hsi itcs-r-s 
[0 046] _hie^ 2 <o^;te»5«iic . m 1 ©His 

[0047] ^^cc. x-r 5r^>^^^^iUry'^:t- 
[0 04 8] [^3 mscommmmict. m 



#112 0 03-60 1 6 5 
10 

[0 04 9 ] 13 9(3:. :t^^m<Dm3(Dms^mnsi(>c^^^ 

«(tiBtESIg<Dlp|BH*7n'r. HQCCn^^Jc^K:. ^3 

tcKXOji^^J-^Ji^l 0«. TMR^^ 1 SCO^^mA. 
-5. C0[);rf^V42>l/Sl OOTMRS^l 3K:«*iAt 

ti/dt«^*I^"r^';:7 7 u>;^-fe;ua53 O^i. TMR 
S^44fflliA'5. oiO. y:7TU>X-feJUgP3 0 
». "O*- T^-^f^fiS^^-S^lOTMR^^^S la 
<b. "1" ^-^^mn'r^m2(DTMRm^3 2a 
**0" f^-^r^«^-r^S3(3[>TMR^^P3 1 b 
7^-i5?^e^-r'2>^4CDTMR^T3 2 bi 

[0050] COJ: 5&^»ftiBtia?a"C«. F« 

1 1 <b#^iA^7- FiSl 2<b*im^tcB:3^r'5cl:0(C 

u>:7Xtttcffi»<iffia3n. trt^ FiSi 1 iS^i^ 

2 iCDS^CD^St-Sf^iSWlTMRa-?-! 3. 
3 1a. 3 1b. 3 2 a. 3 2 bti^^ri^ti^m^nx 

-eur. ^*»;-fe;i/Spi 0 ico^^y-fe^i/Spi 

0 i^tCCJ^c-S »; :7 T U>:^H2/ua53 0 itil^J— cDS^ii 
;?f^--FJSl 2^^Hl>5. ^^y-fe^USSl 0*$ 
W-STMRS-7-1 3i. y :7y ^>;^•fei^S|53 0W::tett 
^ **0" 7^-^^«fiF-r€>TMR^^3 1 a. 3 1 bib 
W. l^-(DS#i^^E^7-F«l 2tC^lKSn^o 

[0 05 1 ] ai o«. m3(Dmiimmc%^^^v^ 

*-rJ:^^c. l|3©||JSJgS8tc»S^'=ey'fe;wS81 0 

lit, t:^ hmi I tm^i^^'y-}'mi2t(Dri\^cTM 
Rm'f-i 3mm^rixi^^„ ccdtmr^t- 

1 3©a<fc@S®2 7ttS#ji<?5^r7-F«l 2k:^3 
n. M^iaSH 2 6 bWil ICCg^M^ti^o -eL 
-C. tf:r FiSl 1 ctffiHUr. m^aiOO-m22tfi 

[0 05 2] C(D<^^?:c«itrt^. ^^tBL7-FiS2 
2iS*iA^'7-F»l 2<D22f:«:ffiti-CiiS?-te;l'tcft 

t:*;^ Fi^l 1 <!:Sg;5^aiL9-Fili2 2 
csc)2:$:^fflc^T311R'fe;l'CDtf$fi7&^^-?^Ui$tX'5o ccOcfc 

[005 3]!^. msonism^rii. ^ i oDHtSff^gi 

<fc|p|««:. "0" 7==-^*«J$"r'STMR^^3 1 a. 
3 1 bi. "1" y=-^^m^r^TMRmi^3 2 Si. 
3 2 h t^m^tm^^i^-^^C t(,C^K> . S; (1) O 

mm^mfc'r'jyru>:^-\z}\ySi^3o<omtHRr ^f^^ 

Ui-rci;&irt>6o ^/i:. igicD^jBSRii^i«tc. y 

:7t U>;^-feil/gP3 OOTMR^^-3 1 a. 3 1b. 3 
2a. 32bCDtr-^h^Il ^Cg'T'SffiaS , 
y-b;l/gi51 OCDTMRST-1 3(Oi::y bMl ItcJgT^ 



XL 

[0054] ±^m 3 (omimf&(^^ti{t. m i o>m& 
[00561 [^4 (om^mm] m4 (Dmmmm\t. i 

kr?r KDy*U-feiWSP*U TMRS^+ IMOS h-^^ 

^+ iMOS h^ve^^xa?) x2r«fi£3ti^iWc* 

[ 0 0 5 7 ] a 1 Hi, ^^^<Dm4(ommmm.^m^ 
^ms^nmsoMmm^mf. mi hc^tjc^cc. 

m4<3[)||}6J|^!!S«:«&-S^i«3tSSIBK:*5C>r. it^-y 

h^/cO(Dp'^';-b;bgPl 0«. TMRS^^13iMO 
S h^>i;^X5f 2 0 iSrti^S. CO.rf-^y -fe^l/SSl 0 

U'>;^-te;l/g|53 Oti. TMRS^^-iMOS h 

i©-^r42fifii^S, OS*}, >;:7TU>;^-fe;wSB3 

Oti. "0" T^-^J^^^-rSl^lCOTMR^TS 1 i 
MOS h^>i;^>^af3 3<b3&>635:-5SlO--ir<b, 

f=^-t$r:SrffiJf'r€>lpr2<DTMR^^3 2<!:MOS 
h ^ ^ 3 4 <*:;&>6?^j: S^ 2 CD-^r <b ^^T'S), 
[ 0 0 5 8 ] H 1 2 *J^?«cr>^4©SIJfi?B,«tCfifeS 

<fc^cc. •;:7t P>;^-b;H[B3 Otc^^^r. MOSh^ 

>i?;^^3 3<i:||2<DTMR^^=-3 2 <b*iBS5 OrS* 

R, =Ro /2 + R, /2= (Ro 
C<DJ;^CCL/T. y:7TU>:^'te;Ug|i3 0rii. "O" 
•r-^«:«^-r5miOTMR^^3 l©ffi!aRo 
"1" 7^-:$?^SSF*rS^2TMRS^^3 2<Dj£$iR. 

iOct^Hfiii^cSfitSR, :iCrSf^0m3n. COfiSiR, 

[ 0 0 6 3 ] 0 1 4t*. m4(ommmmcm^mmmE 
mmmommmrjiW'mmiTrir. ±^*rsj:^tc, ii4 

<?>S^S©fJfiSCC*>Ht-5> Vyr U>;^-fe;l'SP3 0<7)&TMR 

JUgp 3 0 ©ST M R ^^ffitnO 1 / 2 CCT €»i£:«3&5* 
So la 1 4tcij^'r J:^(C. »;:7t U>x-b;Vgp 

3 0(DTMR^^-3K 3 2<Dl^ y hiS 1 UC^-T-Sffi 
SSs a2iC7S-rTMR^^CDHSS, o2*stcr 

»J -fe;bgi5 1 OiDTMR^^l SOfcT-^ h*ai UcST 

[0064] ±iEm4<om^mmic^tiu. m i (omm 
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;<H2;1/gB3 0{CiBl:f-STMR^^l 3. 3 1, 3 2&0^ 
MOS h'7>S^Xd'20. 33, 3 4 40l;^^•^S'->r 

[005 9] 3». m4(D||j|i^SS(C^S^'eU*l2 

ai 3CC7nTJ:^CC, m4<omMBf&^%^')y y \y> 

;^42;i/aJ3 0r«. ''O" T^-^f^^J^-r-S^i cdtm 

R^T-3 1 ^'l" 7^-5?^«f$t-'5>l^2Cr>TMRS 
10 ^Z2tt/^. MOS h^>i^;^^ (HTj^ii^f) */M^r 

m3\^mWi^ti^o 0i3-c«. tmr^^sk 

3 2 i^ttc/^ orKSSti-SMOS h 3 3. 

3 4\tmm-r^. 

[0 06 0] c(oj;i')U^4(om^m,<Dm^. mi(o 

USSJ^Siit'^r. U>X42;l'aJ3 0<DTMR^ 

^»*ii/2<!:^c-^rci&. ^cr, mitc^JKI^JS 
COi:^CC^ ( 1 ) (om%^mfcir')yriyy:<^)v^z 

U>;^-feJl/g|53 OCr)STMR^^-<DJStniJt-<r. ^4 
20 co^5KggtC:teC:tSi;:7r U>x-fe;l/g(l3 OCD^TMR 
^^<Dfi!n* 1 /2 K:-r^»ii^«3&5i,S. 
[0 06 1 ] 'iSL-^X. m\. |g2cDTMR^^3 1. 3 

2 (o±w<omim^ R r . " 0 " «:«}#-r i 

OTMR^^3 1 0»la«i*Ro /2 , 1" 7=^-^^ 
«^-rsm2cr)TMRIR^^3 2 0fiSiM^R, /2i-r 

So ctitCcfcO, ®4<DSIjte?KSItc*$t:fS';:7T u>;^ 

•fe>FUgB3 OO^itOiSlaR, ^ (4) CDM<^4?aSfc 
•To 

[006 2] 
+ Ri ) /2- (4) 

?&SI<bg)«CD5a**l#SC S. 
[006 5] S^CC, U:7y U>;^^2Jl'gP3 0©TMR 

[0 06 6] [|g5 CDUffl?^.^] 1^5 cr)^JSfl5BSt*. 1 

fcf -> hCD^-=e«;42;i/a53&si tmr^-?-+ i ^-f^f-Kr 

^Sn, ';:7t U>;:^H2;l/gBAM 1 TMR^^+ 1 y 

^:^-H) x2r^fiS$nsCTr^s. ccd^5cd*SS 

40 jeS8"C«, ±ffB^4<3r>||jte?l5S8<!:|^«(D«igtCOli'C« 
[ 0 0 6 7 ] la 1 5 :^^m<Dmb<D%miM\.cghh 

^4mmm^m.(ommm^7fi-t. m i 5 kits-t i ^ tc, 

K4 1 <t^<ij^So CCOy^y-fe^bSUl OCDTMR 

1 3 tcg^iA^nyttt?fi^*fl^r s »; :7 T b>X'fe 

;ua3 0», TMR^^•^:^-^3^^ K<!:Cr)'^T^2fflii 
^^0-^^*5, V:7t U>X-bJl/gP3 0«, "0'' f"- 
50 ^^{S}#'rsmiCDTMR^^^3 1 <!:^>f:*'- F4 2<b 
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[ 0 0 6 8 ] s 1 6 :^mM(om5(ommmm^%^ 

cn«:j:«3. ^^UHz^uai osc;^y:7T 

3 0ic4at:r^TMRST-l 3. 3 1. 323^0*^>f:r- 
K4 1. 42, 4 3^:l^iD>'^•^>-'>'CEg'C*^. 10 

[0069]!^. ^5 (ommBm^\t. m 4 o^^nss^^ss 

chl^HitC, »;:?TU>X'fe;UgP3 0<DTMRlS^3 1 . 

1 OCOTMR^^I 3CDt^ 1 HCg^T'S^Sz 
<D2f&tCU. TMR^^-3 K 3 2CDffi!a%W"CCi 

16 "1" 7^-a?^«}#r^TMR^^3 2ir. 5S 
( 4 ) (DB81S^?S/cT r l^lyJ^-^JU&S 0 CDSiaR 

[0070] 5 CD^J^SgtC . ^4 CDHiS 20 

[0 0 7 1 ] ^^K:. :;^>^m^tLX^^:t- 

K4 1 ^fflc^-CC^-S:fce6. ±i^mA<Dmi^BBJ: ^ h 1 
[0 072] [^6 CDHMJB,® ] ^6 CDllffi?^.^.ti. 1^ 

[ 0 0 7 3 ] 0 1 7 *^?g<D^6 c3[)S|j»JB^^<^^ 30 

^ttiBtisia©iHiKia«::^-r, ai 7{c^*r<fcotc. 

Y^tc^(Dji^^)^i)\y^\0\t. TMR^^13CD^^ 
m^h. CCD>rf^';H2;UaJl 0(DTMRS^-1 3JCS* 
aZ.^4l/cW$R**)^'r-S ')yr U'>;^'te;b§P3 0 tt. T 
MRS-^^23lim^« -^J^t^, U:7Tl^>;^-feJl/^3 

o«. "0" f-^^^tr^mKOTUKm^^ 1 

"1" r-3^^«^'r'5m2CDTMR^^3 2<i:^ 
[ 0 0 7 4 ] 0 1 8 (X. :4^i%D^6r)||6 CD||)%^j£(C{%^ 40 

R^iP-3 1 <i:»2<3[)TMR^^^3 2i^E»5 0'CSlK 

T-So cntc<to. y^»;-fe;ba5i os:(:^u:7t u>x 

•f2;l^a3 0tc^t:f5TMR^-¥-l 3. 3 1. 3 2«:llli; 

[0075]!^. II 6 <Dmimmv\t. m 4 (ommim 

il^lStc, y:7TU>X-fe;l/S|53 0<DTMR^-?-3 1 . 

3 2<Z)t^-.' hil^l UC^-r^aSSs 

1 OCOTMR*^ 1 3C0tf u; hiSl 1 tCg|T-5M«S2 50 
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C02fStCU. TMR^^3 1. 3 2<DJSlS^Ttfrc> 
5, cnccilO, -C* f'-*:>*fiJ*-r^TMR^^3 
I<b "1" f'-3'*fi^-r^TMR3S^3 2 <br. « 

(4 ) cD^^^rSfc-r U y y u>;^'fejug83 0(DJ6!nR 

[0076] Jifem 6 CD^iSBSgCCcfc ^4 CD^ffi 
[0077]3e>(c. :^>^ -^^>5^*^P-*fflc>/j:i,i/c 

[0078] ^coffi. ita^ffiJKSStCfBffi 
[0 07 9] 

[04 ] ^mn(om i o^i©BS§cc^s>^i^-fe;i/§iis 

[0 5 ] *:^B>g©» 1 aymm^^^%^ VVrU >;^-fe 

JKDJSIati^o^iMRJticDM^^^TS. 

[0 6] :t:mmm i ©ussmsstc^s^ y ■fe^i'SUR 

[07] *^H^Cr)||2<Dllffeff$m«^S^»<*iBl^g 
4in-riHlK0o 

[08] 2 cD^]i®i5S§tc^^ S ^ ^ IH2 

^<^iemi^s^^'r»riQ0o 

[09] :4s:^B^0[)^3a)||j^Sg(C^S^^i«^5t^S 
[010] :*^?B<D^3<5[)3l]!fS?Kjl»CClSS>^y •fe^l'SB 

[011] ^^m<om4(ommmmiicgh^^mmm& 
s^7n-riaK0o 

[012] ^^?gom4CD||]5fe0.®(c<^S4^«ftiBtt^ 
g^TnTHK^^ - >0. 
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miB] ^^^mom^om^BBdcmi^^mmmm 
[HIT] ^^mi<ome<omi&Bm^iS:^^mmBmik 
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1 1 

1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
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* 1 s-mKD^isim. 

1 9- 1 <03>^^ h®, 

20. 3 3. 33a. 33b. 34. 34a. 34b- 

MOS h^>i^;^iS?. 

2 1-y-;^- Ku-Y>fi£aB. 

2 6 - eBimtBll^M. 
2 7 Ha^tHSB, 

10 2 3HitRP'^, 

3 1a. 3 1 b • "0 
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